
THE EFFECT ON PRODUCT YIELD STRUCTURE AND PRODUCT QUALITY 
I N  THE HYDROTREATMENT OF COAL DERIVED EXTRACT PRIOR TO 

DEASHING I N  A TWO-STAGE LIQUEFACTION PILOT PLANT OPERATION 

M. J.  Moniz, R. V. Nalitham 

Cata ly t i c ,  Inc., Wi lsonv i l le ,  AL 35186 

and T. W. Johnson 

Southern Company Services, Inc.. W i l  sonv i l le .  AL 35186 

INTRODUCTION 

A two-stage 1 i q u e f a c t i o n  (TSL) operat ion t y p i c a l l y  cons is ts  o f  the sequential 
processing o f  coal i n  three d i s t i n c t  steps. These are: a t h e n a l  l i q u e f a c t i o n  
f i r s t  stage, an i n t e r m e d i a t e  deashing step, fo l lowed by a second-stage hydro- 
t r e a t i n g  u n i t .  The TSL o p e r a t i o n  p r o v i d e s  f l e x i b i l i t y  i n  t h a t  a number o f  
process op t ions  are  possible, depending on the  sequencing o f  process uni ts,  and 
recycle o f  process streams (1. 2) .  T h i s  paper  p r o v i d e s  a comparison o f  t h e  
e f f e c t s  o f  resequencing process u n i t s  i n  a TSL operat ion on product y i e l d s  and 
product q u a l i t y  f o r  processing bi tuminous c o a l  ( I l l i n o i s  No. 6, Bu rn ing  S t a r  
Mine). 

The c o n f i g u r a t i o n  modes compared were the in tegra ted  TSL (ITSL) mode (Figure 1) 
and the reconf igured in tegra ted  TSL (RITSL) mode (Figure 2 ) .  I n  both modes, the 
r e a c t i o n  s tages a r e  coup led  by r e c y c l i n g  f u l l - r a n g e  hyd ro t rea ted  res id  and 
d i s t i l l a t e  so lvent  from the hydro t rea ter  t o  the  thennal l i q u e f a c t i o n  step. The 
RITSL mode d i f f e r s  f rom t h e  ITSL mode i n  t h a t  f o r  the  RITSL mode, the vacuum- 
f lashed product f rom the thermal stage i s  hydrotreated p r i o r  t o  being deashed. 

PRODUCT YIELD COMPARISON 

A wide range o f  thermal and hydrotreater reac t i on  cond i t ions  were inves t iga ted  
i n  the ITSL mode t o  determine t h e i r  e f f e c t s  on product y i e l d  s t ruc tu re  ( 3 ) .  For 
comparison purposes, Table 1 l i s t s  a t yp i ca l  se t  o f  RITSL cond i t ions  r e l a t i v e  t o  
th ree  se ts  o f  ITSL cond i t ions .  Thermal stage reac t i on  cond i t ions  are  comparable 
f o r  the  runs  l i s t e d  i n  Table 1. Ca ta l y t i c  stage reactor cond i t ions  f o r  ITSL-1 
are  f a i r l y  comparable t o  RITSL, w i t h  a 10°F h i g h e r  r e a c t o r  temperature f o r  
ITSL-1. A h igher  temperature o f  7 4 0 O F  was used a t  an extended c a t a l y s t  age f o r  
ITSL-2. I n  ITSL-3, ca ta l ys t  age was ma in ta ined  i n  t h e  1300-1400 l b  r e s i d / l b  
c a t a l y s t  range w i t h  c a t a l y s t  a d d i t i o n  and withdrawal, and space ve loc i t y  was 
decreased t o  0.75 l b  feed/ (h r * lb  ca ta l ys t ) .  

Fo r  a s i m i l a r  reac t ion  s e v e r i t y ,  RITSL i n d i c a t e s  a h i g h e r  d i s t i l l a t e  y i e l d ,  
accompanied by a s i g n i f i c a n t l y  h igher  hydrogen consumption. Hydrogen e f f i c i ency  
i s  hence lower fo r  RITSL as compared w i t h  ITSL. 

A t y p f c a l  sat  of  process u n i t  y i e l d s  i s  given i n  Table 2 f o r  the RITSL and ITSL 
modes. Gaseous hydrogen consumption was Comparable f o r  both modes i n  the  thennal 
stage, b u t  was s i g n i f i c a n t l y  h i g h e r  f o r  t h e  RITSL mode i n  t h e  hydrotreater 
stage, despi te a s l i g h t l y  l o w e r  h y d r o t r e a t e r  temperature employed f o r  RITSL 
mode. The thermal  u n i t  r e s i d  y i e l d  f o r  t h e  RITSL mode was higher than tha t  
t y p i c a l l y  observed f o r  the  ITSL mode, which may be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  
t h e  process s o l v e n t .  Resid convers ion  i n  the hydro t rea ter  was s i g n i f i c a n t l y  
h igher  f o r  t he  RITSL mode, r e s u l t i n g  i n  a h igher  d i s t i l l a t e  y i e l d .  The amount 
of organics re jec ted  w i th  the ash concentrate i n  the  CSD u n i t  was comparable for  
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both modes. The H/C atomic r a t i o  o f  the organics was h igher  f o r  the  RITSL mode, 
which imp l ies  a s l i g h t l y  h i g h e r  r e j e c t i o n ,  on an  energy b a s i s  f o r  t he  RITSL 
mode. 

The convers ion  o f  coa l  t o  c reso l  solubles i n  the  i nd i v idua l  process u n i t s  and 
fo r  the TSL system are shown i n  Table 3, f o r  the  ITSL and RITSL c o n f i g u r a t i o n  
modes. F o r  s im i la r  thermal u n i t  reac t ion  condi t ions,  observed coal  conversions 
f o r  t he  ITSL mode (92.5i1.1) were s i m i l a r  t o  t h e  RITSL mode (91.7f1.4). I n  
the ITSL mode, a s t a t i s t i c a l l y  s i g n i f i c a n t  increase i s  observed i n  unconver ted 
Coal y i e l d ,  i n  t h e  f r a c t i o n a t i o n  and deashing steps (-4.8*1.4), downstream o f  
the thermal reactor. I n  the  RITSL mode, conversion o f  coal  i n  the hydro t rea t ing  
u n i t  (0.7f1.51, and downstream o f  the reac t i on  stages (-1.4f0.9) i s  s t a t i s t i -  
c a l l y  i ns ign i f i can t .  Hence, f o r  s im i  l a r  thermal  u n i t  c o a l  convers ions,  t h e  
two-stage coa l  convers ion i s  higher f o r  RITSL mode as compared w i t h  ITSL mode. 
I n  both conf igura t ion  modes, there was pressure letdown, and absence o f  hydrogen 
atmosphere between r e a c t i o n  stages. I n  t h e  RITSL mode, t h e  cool-down and 
heat-up temperature cyc les  o f  t h e  l i q u e f a c t i o n  e x t r a c t  and t h e  hold-up t ime  
between stages i s  reduced i n  comparison t o  the  ITSL mode. The adverse e f f e c t  o f  
in te rs tage coo l ing  on regressive reac t ion  occurrence, l e a d i n g  t o  reduced coa l  
conve rs ion  and d i s t i l l a t e  y i e l d  has been reported (4).  Th is  i n te rs tage  process- 
i n g  d i f fe rence between conf igura t ion  modes may have reduced t h e  p o t e n t i a l  f o r  
r e g r e s s i v e  r e a c t i o n  occurrence f o r  t he  RITSL mode, e x p l a i n i n g  the  observed 
differences i n  ove ra l l  coal  conversion. 

PRODUCT QUALITY COMPARISON 

"Synthetic crude blends" were prepared f o r  the RITSL and ITSL product slates, by 
combining a l l  product streams i n  p ropor t ion  t o  t h e i r  respec t i ve  f l o w  r a t e s .  A 
comparison o f  t h e  e lementa l  con ten ts  f o r  var ious bo i l i ng -po in t  ranges o f  the  
crudes i s  shown i n  Table 4. 

A s l i g h t l y  l ower  naphtha y i e l d  bu t  a h igher  d i s t i l l a t e  y i e l d  was obtained f o r  
the  RITSL crude i n  comparison t o  the ITSL crude. The hydrogen c o n t e n t s  f o r  
comparable f rac t i ons  were much higher f o r  the  RITSL crude. Th is  r e s u l t  i s  t o  be 
expected because o f  the canparat ively h igher  hydrogen consumption observed f o r  
RITSL mode, f o r  s i m i l a r  hydrocarbon gas y i e l d .  The heteroatomic content i n  the 
product f rac t i ons  was a lso  lower f o r  t h e  RITSL crude, i n d i c a t i n g  an  o v e r a l l ,  
b e t t e r  q u a l i t y  product compared with the ITSL crude. 

CATALYST REQUIREMENT COMPARISON 

Batch d e a c t i v a t i o n  t rends  f o r  res id  conversion i n  the hydro t rea ter  were devel- 
oped f o r  the  RITSL and ITSL modes (1).  u s i n g  a f i r s t - o r d e r  r e s i d  convers ion  
model (5 ) .  The trends showed an i n i t i a l  per iod  o f  rap id  deact ivat ion,  fo l lowed 
by slower deac t iva t ion  rates, f o r  the deashed (ITSL) e x t r a c t  as we l l  a s  f o r  t h e  
nondeashed (RITSL) e x t r a c t .  The deac t iva t ion  ra tes  were comparatively higher 
f o r  the nondeashed ex t rac t .  However, the nondeashed r e s i d  was observed t o  be 
more r e a c t i v e  ( h i g h e r  r e s i d  convers ion  r a t e  cons tan ts )  as compared t o  the 
deashed resid,  over the range o f  ca ta l ys t  age invest igated. 

The ba tch  deac t iva t ion  data developed f o r  the deashed and nondeashed bituminous 
runs may be used t o  est imate ca ta l ys t  requirements i n  a s teady-state,  c a t a l y s t  
add i t i on /w i thd rawa l  ope ra t i on .  The e q u i l i b r i u m  a c t i v i t y  i s  computed by com- 
b in ing  the  equ i l i b r i um c a t a l y s t  residence time d i s t r i b u t i o n  (RTD) f u n c t i o n  and 
the a c t i v i t y  func t ion  as shown below: 

1) 
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The RTD function for  a continuous, st irred-tank, recycle reactor (6), i s  given 
as:  

RTD(t) = 1 e-t/t 

where f. = ca ta lys t  hold-up/catalyst addition rate.  

Integration of Equation 1 fo r  a batch ca ta lys t  ac t iv i ty  function has been 
reported ( 7 ) .  

The projected ca t a lys t  requirement for  deashed and nondeashed bituminous 
extracts fo r  steady-state operation i s  shown in Figure 3. 
ment i s  projected f o r  a fixed level of resid conversion and for  similar reactor 
space ra tes .  Owing t o  a higher resid reac t iv i ty ,  the catalxst  requirement for 
the nondeashed ex t r ac t ,  in the temperature range of 680-730 F ,  i s  projected t o  
be lower t h a n  the ca ta lys t  requirement for  the deashed ex t rac t .  

The catalyst  require- 

CONCLUSIONS 

Significant changes were observed in product yields and product quali ty by 
hydrotreating coal derived extract  prior t o  the deashing step. A t  approximately 
comparable reaction conditions, overall coal conversion and hydrotreater resid 
conversion were h i g h e r  fo r  the RITSL mode. 
panied by a s ign i f icant ly  higher hydrogen consumption was reported fo r  the RITSL 
mode, yielding product fractions of higher hydrogen and lower heteroatomic 
content, as compared t o  the ITSL mode. For a fixed level of resid conversion 
and for similar reactor space ra tes ,  ca ta lys t  requirement i s  projected from 
batch deactivation trends to  be lower for  the nondeashed extract  (RITSL) mode. 
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Table 1 

Two-Stage Reaction Conditions and Yields for  RITSL and ITSL Modes 

Mode 
Catalyst Operating Mode 

RITSL ITSL-1 ITSL-2 ITSL-3 
Batch Batch Batch Addition/ 

Withdrawal 

Thermal Sta e 
d r a t u r e  (OF) 
In le t  hydrogen par t ia l  pressure (psi) 
Coal space velocity [(lb/hr-ft3(>70OoF)] 27 28 28 26 

810 810 810 810 
2160 2040 2040 2040 

Catal t i c  Sta e 
T G X h G & t u r e  (OF) 
Space velocity ( l b  feed/hr-lb ca t )  

710 720 740 720 
0.9 1.0 1.0 0.75 

Catalyst Age ( l b  resid/lb c a t )  445-670* 350-400 1200-1350 1300-1400** 

Two-Stage Yieldm(% MAF Coal) 
tl-C3 Gas 
C4+ Dis t i l l a te  
Resid 
Hydrogen Consumption 

Hydrogen Efficiency 
( l b  Cq+Oist/lb Hp Cons.) 

6 7 6 6 
62 59 57 61 

3 4 7 3 
-6.1 -5.3 -5.4 -5.6 

10.2 11.1 10.6 10.8 

* Resid contains unconverted coal and coal ash components. 
** Average ca ta lys t  age: ca ta lys t  addition/withdrawal rate of 1.0 lb/ton (MF) coal 

employed. 
*t* Elementally balanced y ie ld  structure. 
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Table 2 

Process Unit Y i e l d s  f o r  RITSL and ITSL Modes 

Mode RITSL ITSL 

Thermal U n i t  Y i e l d  (% MAF Coal 
C4+ D i s t i l l a t e  
Res id  
Hydrogen Consumption 

H y d r o t r e a t e r  U n i t  Y i e l d  ( X  MAF Coal )  
C4+ D i s t i l l a t e  
Hydrogen Consumption 

CSD U n i t  ( X  MAF C o a l )  
'0 rgan ic  R e j e c t i o n  with M i n e r a l  Ash 
[Atomic ( H K )  o f  R e j e c t e d  Organics]  

27.0 
50.0 
-1.7 

35.0 
-4.4 

34.1 
46.5 
-1.5 

24.9 
-3.8 

19.6 21 .o 
0.68 0.75 

Table 3 

E f f e c t  o f  C o n f i g u r a t i o n  Mode on Coal  Conversion* 

Thermal Stage C a t a l y t i c  Stage CSD Unit Two-Stage 
Mode Convers ion  Convers ion "Convers ion"  Conversion** 

ITSL 92.5f1.1 -4.8fl.4 87.7fl. 3 

RITSL 91.7fl.4 0.7f1.5 -1.4f0.9 91 .Of0.8 

* Conversion of Coal t o  Creso l  Solub les.  
** Two-Stage Convers ion  = Sum o f  Process U n i t  Conversions. 
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Table 4 

Product Quality Comparison f o r  RITSL and ITSL "Synthetic Crudes" 
\ 

W t  % of Elemental ( W t  %) 
D i s t i l l a t i o n  C u t  Crude C H U S 0 ( d i f f )  

ITSL* 
m t h a  ( IBP-360°F) 18.4 85.21 12.86 845 ppm 0.36 1.50 
D i s t i l l a t e  (36OoF-65O0F) 45.7 86.34 10.73 0.23 0.22 2.48 
Gas Oil  (650"F-1000"F) 35.0 89.07 9.69 0.31 0.16 0.76 
Resid (1000°F) 0.9 86.71 6.94 1.13 0.60 3.15 

RITSL** 
l G $ T h a  ( IBP-360°F) 14.9 85.50 14.07 500 ppm 0.35 0.03 
Di sti 1 l a t e  (36OoF-65O0F) 49.8 86.74 11.54 0.23 0.16 1.33 
Gas Oil (65O0F-10OO0F) 35.3 89.48 10.44 0.06 0.02 - 

*Samples obtained w i t h  hydro t r ea t e r  temperature of 73OoF; c a t a l y s t  age of 

**Samples obtained w i t h  hydro t r ea t e r  temperature of 700°F; c a t a l y s t  age of 
approximately 1,400 l b  r e s i d / l b  c a t a l y s t .  

approximately 350 1 b r e s i d / l b  c a t a l y s t .  
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